Abstract. In order to study the influence of system parameters on the stability and dynamic performance of combination-configuration microgrid based on droop control, small-signal model is established at the point of steady state. By calculating the eigenvalues of state matrix, the small-signal stability of combination-configuration microgrid can be directly analyzed. Based on sensitivity analysis, the key parameters influencing on each eigenvalue are found out. Using root locus method, the ranges of key parameters and their influence on dynamic performance are determined. Analysis result shows the presented method provides the basis for the optimization design of key parameters, and is helpful to improve the stability and dynamics performance of islanding microgrid.
Introduction
Previous dynamic analysis of microgrid has been carried out, but the presented modeling approaches are all focus on stability issues for an individual inverter under different operation mode, and didn't consider the interaction of inverters with each other and with network dynamics [1] - [3] , So some systematic approaches to modeling islanding inverter-based microgrid by state-space method are presented [4] , [5] with difference power sharing method, such as droop control and average-current sharing control. When the state-space model is established, many modern controller design techniques such as pole assignment [6] and eigenvalue sensitivity [7] , [8] can be utilized to optimize the stability of microgrid system. For the islanding microgrid of which network is combination-configuration, the small-signal model is established, including three major sub-modules: inverters, network, and loads. Based on the above model, the small-signal models of series-configuration and parallel-configuration microgrid are respectively obtained. Considering the universality of parallel-configuration microgrid in the relevant literatures, the performance of parallel-configuration microgrid is analyzed by the use of sensitivity analysis. The analysis result has certain guiding significance to the design of practical microgrid. For the analysis of islanding microgrid, the two basic configurations are considered: 1) DGs installed on a main line and 2) DGs installed on multiple feeders, as shown in Fig. 1(a) and (b) . The former will be referred to as series-configuration, and the latter as parallel-configuration. All other configurations of DGs are the combinations of the two basic configurations [9] . In order to better reflect the generality, the two basic configurations are combined together to form combination -configuration, as shown in Figure 1 (c) . Fig. 1(c) shows islanding operation is realized by opening the isolating switch which disconnects the microgrid from the main grid. Once the microgrid is isolated, the DGs based on droop control are responsible for maintaining the voltage and frequency of loads while sharing the power. The equivalent circuit diagram of the combination-configuration microgrid in Fig. 1 (c) is shown in Fig. 2 .
Microgrid Configuration

Small-Signal Model of Combination-Configuration Microgrid
The whole microgrid system is divided into three sub-modules to modeling: inverters, network and loads, as shown in Fig. 2 . Fig. 2 shows WL 1 to WL 4 are power lines, in which WL 1 to WL 2 are series-configuration lines and WL 3 to WL 4 are parallel-configuration lines. Considering the need of modeling, parallel-configuration line is incorporated into inverter sub-module. The common rotating reference frame, as shown in Fig.3 , is used to unify the three sub-modules together to derive a system state-space model. All the other inverters are translated to the common reference frame using the transformation technique depicted in Fig. 3 . 
Details of the matrices ( P A , P com B  , P B , P C  , Pv C ) can be found in [4] . 2) voltage and current controller The configurations of the voltage and current controller in this paper are not same as those of [4] . Equations (2) represent the linearized small-signal state-space of voltage controller
where (3) 
where
) LC filter and parallel-configuration line
The small-signal model of LC filter and parallel-configuration line is basically the same as that of [4] . The difference is that the coupling impedance ( c L and
4) Complete Model of an Individual
Inverter the small-signal output current oDQ i on the common reference frame can be obtained, as in (4).
where details of the matrices ( S T and C T ) can be found in [4] . The bus voltage can be converted to the individual inverter reference frame using reverse transformation, given by
where details of the matrice (
) can be found in [4] . The complete state-space model of a microgrid inverter can be obtained by linearizing the differential equations at the point of steady state. The complete state-space model of the ith DG unit interface transferred to the common reference frame using the transformation matrix [4] can therefore be presented in the form of (6) .
where precise array combination of state and input matrices can be found in [4] . b) Combined Model of All the Inverters. Let us consider a system with "s" number of microgrid inverters where the reference frame of inverter number 1 is taken as the common reference frame. Then, a combined small-signal model of all the inverter units together is obtained, as shown in
where precise array combination of state and input matrices can be found in [4] . c) Network Model. An example network of n series-configuration lines and m nodes with s inverters and p load points is shown in Fig. 4 . The small-signal model of network is basically the same as that of [4] 
where precise array combination of state and input matrices can be found in [4] . e) Complete Microgrid State-Space Model.
In symbolic form, for a network with m nodes ( )
where precise array combination of state and input matrices can be found in [4] . Now, the complete microgrid small-signal state-space model and hence the system state matrix can be obtained by using the individual subsystem models
 Although the microgrid small-signal state-space model is presented for combination-configuration microgrid which contains both series-configuration and parallel-configuration, it also applies to series-configuration or parallel-configuration microgrid as long as the relevant formula adjustment.
For parallel-configuration microgrid, the main-line in combination-configuration microgrid becomes a common bus, and each microgrid inverter is connected to a point of common coupling through parallel-configuration line, that is 0 with series-configuration lines will not be present. For parallel-configuration microgrid ( )
there is no inductance in the load, the state variables associated with loads will not exist.
In (13) 1 ( (2) )
where (2) E is a unit matrix of 2 2  . 
Eigenvalues Analysis and Simulation
In the research of microgrid system, parallel-configuration microgrid and series-configuration microgrid are paid more attention in the relevant literatures. Considering the small-signal model of series-configuration microgrid has been analyzed in [4] , the small-signal model of parallel-configuration microgrid is analyzed in this paper. a) Eigenvalues analysis. Let's consider an islanding microgrid with 2 microgrid inverters, 2 parallel-configuration lines and 1 local load. The whole system eigenvalues need to be calculated to analyze the stability of system. The system parameters are listed in Table I . The initial conditions of system are given in Table II . In order to find the potential instability causes of the constructed model, the complete system eigenvalues of the state matrix mg A are plotted in Fig. 5 . None of the eigenvalues are located in the right-hand plane, so we can see the system is stable.  . Due to eigenvalue 1 and 2 don't change significantly and their attenuation coefficient is much greater relative to the other eigenvalues, the change traces of eigenvalue 1 and 2 are not given in Fig. 7 (a) for conveniently observing the change traces of the other eigenvalues. As shown in Fig.7 (a) , middle and high frequency modes change little and low-frequency modes change widely, in which eigenvalue 11, 12, 13, and 14 change more obviously. The result is consistent with the participation factor analysis. As shown in Fig.7 (b) , with the increase of active power droop coefficient, the damping oscillation frequency of eigenvalue 11 and 12 changes little but their attenuation coefficient increases. When the active power droop coefficient is small, eigenvalue 13 and 14 are two-order overdamping eigenvalues. With the increase of active power droop coefficient, eigenvalue 13 and 14 become a pair of conjugate complex roots( two-order underdamping eigenvalues ) and their attenuation coefficient increases. When active power droop coefficient increases to a certain degree, the attenuation coefficient of eigenvalue 13 and 14 instead becomes small. With active power droop coefficient continues to increase, eigenvalue 13 and 14 gradually go into the right half-plane, which means the system gradually go instability. In the whole process of increasing active power droop coefficient, the damped oscillation frequency of eigenvalue 13 and 14 always increases. As shown in Fig. 7(c) , with the increase of the active power droop coefficient, eigenvalue 17 is more and more far away from the imaginary axis. On the other hand, with the decrease of the active power droop coefficient, eigenvalue 17 is getting closer and closer to the imaginary axis, which makes the system unstable.
With similar approach, the motion of the root locus can be analyzed when the other parameters are changed.This procedure is not explained here for the sake of brevity.
Conclusion
For combination-configuration microgrid, the small-signal model is established. Based on the model, the small-signal models of series-configuration and parallel-configuration microgrid are obtained. Based on the analysis of the eigenvalues of the small-signal model of parallel-configuration microgrid, the participation matrix is introduced to identify the relation between the eigenvalues and the state variables and find out the most valuable state-variables for certain eigenvalues, which will be helpful to improve the microgrid system stability and dynamic performance.
